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(57)Abstract: 

PURPOSE: To increase the density of a capacitor element which 
uses ferroelectric material and reduce the driving voltage by 
efficiently use the residual polarization of the laminar bismuth 
ferroelectric material. 

CONSTITUTION: A capacitor which uses laminar bismuth 
ferroelectric material of c-axis orientation is provided by arranging 
a pair of electrodes 1 which are composed of a first and second 
electrodes, and permitting the pair of electrodes 1 to have relative 
position relation that generates an electric field in a direction 
parallel to a substrate 3 at a part within the ferroelectric material 
2. The pair of electrodes 1 are preferably arranged so as to apply 
the electric field in the maximum polarization direction or mainly in 
such direction. After forming the laminar bismuth ferroelectric 
material 2 of c-axis orientation, the maximum polarization direction 
of the film is detected, and the capacitor is provided by the 
manufacture that forms the pair of electrodes 1 which apply 
electric field mainly in this direction. 
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* NOTICES * ^ w 

JPO and NCIPZ are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] The capacitor using the bismuth stratified ferroelectric characterized by preparing the electrode of a 
pair which consists of the 1st and 2nd electrode which generates the electric field of a direction parallel to a 
substrate side at least in the part in said ferroelectric in contact with said ferroelectric in the capacitor which has 
a c-axis orientation bismuth system stratified ferroelectric and an electrode on an insulating substrate. 
[Claim 2] The capacitor using the bismuth system stratified ferroelectric according to claim 1 characterized by 
preparing the electrode of a pair in the location where the greatest electric field are impressed in the direction of 
the maximum polarization of a c-axis orientation bismuth system stratified ferroelectric. 
[Claim 3] The manufacture approach of the capacitor using the bismuth system stratified ferroelectric which 
forms a c-axis orientation bismuth system stratified ferroelectric on a substrate, and is characterized by 
consisting of the 1st process which carries out patterning, and the 2nd process which forms one pair of 
electrodes in said ferroelectric. 

[Claim 4] The manufacture approach of the capacitor using the bismuth system stratified ferroelectric according 
to claim 3 characterized by forming one pair of electrodes which detect the direction of the maximum 
polarization of said ferroelectric after forming a ferroelectric, or after performing patterning, and may impress 
electric field in the detected direction of the maximum polarization in the ferroelectric front face by which 
patterning was carried out. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.go.... 5/12/2005 



CLAIMS 



JP,08-306865,A [PET ATT, HP DESCRIPTION] 



Page 1 of 3 




* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] It is related with the capacitor using a bismuth system stratified ferroelectric, and its 

manufacture approach. 

[0002] 

[Description of the Prior Art] A bismuth system stratified ferroelectric is an ingredient with which the 
application to nonvolatile memory is expected with the structure where the pseudo-perovskite structure was 
inserted into the bisumuth-oxide layer. Although the ferroelectricity makes the origin the variation rate of B site 
ion of the pseudo-perovskite part pinched by the bisumuth-oxide layer, its anisotropy over a crystallographic 
axis is strong, and it is understood that the ferroelectricity of the direction of an a-axis is large compared with 
the ferroelectricity of the direction of a c-axis. 

[0003] As capacitor structure using such [ conventionally ] an ingredient, it is an international patent, for 
example. WO There is a thing as shown also in 93/12542 (International Patent Publication Number WO 
93/12542). The basic structure was the structure which carried out the laminating of the ferroelectric thin film 2 
on both sides of the up electrode 5 and the lower electrode 6 on the insulating substrate 3 as shown in drawing 
7 . 

[0004] 

[Problem(s) to be Solved by the Invention] A bismuth stratified ferroelectric has an anisotropy over a 
crystallographic axis in a remanence, and it is the direction of an a-axis that the maximum remanence is 
acquired, and it turns out that the remanence of the direction of a c-axis is very small, however, the case where 
this ingredient is thin-film-ized — physical vapor growth (PVD), such as a spatter and vacuum deposition, - law 
and chemical vapor growth (CVD) — it was difficult for the c-axis orientation film to have been easy to be 
obtained by the conventional growth approaches, such as law, and to have made the orientation of the greatest 
polarization shaft orientations carry out in the direction perpendicular to a substrate side. For this reason, with 
the conventional component structure which is the structure of impressing electric field to a substrate side and a 
perpendicular direction, a remanence could not be used effectively but there was a problem that detailed-izing 
of a component and low-battery-izing were difficult. 

[0005] moreover - general — the time of bismuth stratified ferroelectric thin film membrane formation — the 
elevated temperature of 700 or more C — required — in addition — and since it was exposed into an oxidizing 
atmosphere, in the laminated structure of a lower electrode, a ferroelectric, and an up electrode, it was difficult 
for the defective continuity by oxidation of a lower electrode, and the reaction of a ferroelectric and a lower 
electrode to get angry at the time of ferroelectric membrane formation, and to produce the component of a good 
property. 

[0006] The purpose of this invention is to offer the structure and the manufacture approach of a capacitor which 

canceled the above-mentioned conventional fault. 

[0007] 

[Means for Solving the Problem] This invention is characterized by preparing the electrode of a pair which 
consists of the 1st and 2nd electrode which generates the electric field of a direction parallel to a substrate side 
at least in the part in said ferroelectric in the capacitor which has a c-axis orientation bismuth system stratified 
ferroelectric and an electrode in contact with said ferroelectric on an insulating substrate. At this time, since an 
electrode can achieve much more low-battery-ization by being prepared in the location where the greatest 
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electric field are impressed in the direction of the maximum polarization of a c-axis orientation bismuth system 
stratified ferroelectric, it is desirable. 

[0008] Moreover, the manufacture approach of the bismuth system stratified ferroelectric capacitor by this 
invention is characterized by consisting of the 1st process which forms a c-axis orientation bismuth system 
stratified ferroelectric on a substrate, and carries out patterning, and the 2nd process which forms one pair of 
electrodes in said ferroelectric. Here, if the direction of the maximum polarization of said ferroelectric is 
detected after forming a ferroelectric, or after performing patterning, one pair of electrodes which may impress 
electric field in the detected direction of the maximum polarization can also be formed in the ferroelectric front 
face by which patterning was carried out. 
[0009] 

[Function] The capacitor structure by this invention is shown in drawing 1 . The remanence of the direction of 
an a-axis restricted in the field parallel to a substrate side can be effectively used using the electrode of a pair by 
impressing electric field parallel to a substrate side to the c-axis orientation bismuth stratified ferroelectric on an 
insulating substrate. That is, since a charge required of a small electrode surface product can be obtained, 
detailed-ization of a component can be attained. Moreover, by producing an electrode after ferroelectric 
membrane formation, the reaction of the ferroelectric film and electrode under an elevated temperature and 
oxidation of an electrode are controlled, and improvement in the dependability of a component can be aimed at. 
Furthermore, since an effective charge consistency becomes high further when having mainly gathered in the 
one direction in the field where the direction of the maximum part polar axis is parallel to a substrate side, 
polarization reversal of a capacitor is attained by smaller electric field, and the further low-battery-izing is 
possible. 
[0010] 
[Example] 

(Example 1) The example at the time of using RF magnetron sputtering as the membrane formation approach of 
SBT is shown in drawing 2 as a bismuth stratified ferroelectric, using W as a strontium acid tantalic acid 
bismuth (SrBi2 Ta 209, henceforth, SBT), the silicon substrate by which scaling processing was carried out as 
an insulating substrate, and an electrode material. The capacitor production procedure was as follows. It is 1 
micrometer with the RF magnetron sputtering method on the silicon substrate by which scaling processing was 
carried out. Production of SBT of thickness formed the SBT thin film which carried out orientation to the c-axis 
at 700 or more C of substrate temperature. Then, it is 0.5 micrometers of bases about this SBT thin film. 
x5micrometer Height of 1 micrometer It is 0.3 micrometers about W with the CVD method after carrying out 
etching processing at convex structure. It deposited on thickness. 1 micrometer of after that SBT convex 
structure x5micrometer It left the side face and the connected drawer electrode, and etching removal of the W 
was carried out. At this time, it is 1 micrometer. x5micrometer Two drawer electrodes of a field are connected 
with the drawer electrode from the same side face of other components, and have structure which connected two 
or more capacitors to juxtaposition. The hysteresis characteristic acquired with the capacitor of this structure is 
shown in drawing 3 . The property of structure was also shown in coincidence conventionally which 
sandwiched the ferroelectric with Pt electrode of the upper part and the lower part as a candidate for a 
comparison. When the laminating of the electrode is carried out up and down (alternate long and short dash 
line), a remanence value is 1.4microC/cm2. To very small one, when electric field parallel to a substrate are 
impressed (continuous line), it is C/cm2 10.5micro. It became, the remarkable increment in a remanence value 
was seen, and it was shown that densification of a component can be attained. 

[001 1] (Example 2) The case where RF magnetron sputtering is used as the membrane formation approach is 
shown as a bismuth stratified ferroelectric, using W as a strontium acid niobic acid bismuth (SrBi2Nb 209, 
henceforth, SBN) or a titanic-acid bismuth (Bi4 Ti 3012, henceforth, BIT), the silicon substrate by which 
surface treatment was carried out as an insulating substrate, and an electrode material. The capacitor production 
procedure is the same as that of an example 1. The strong dielectric characteristics obtained with the capacitor 
of this structure are shown in Table 1. Although the absolute value of a remanence was small, when electric 
field parallel to a substrate as well as the case where it is the SBT film were impressed, the increment in a 
remanence value was seen, and it was shown that densification of a component can be attained. 
[0012] 
[Table 1] 
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[0013] (Example 3) SBT was formed by the same approach as an example 1, using a MgO single crystal (100) 
side as an insulator substrate, and the same capacitor structure as an example 1 was formed. In this case, since a 
SBT thin film grew epitaxially to a MgO substrate, the direction of polarization had gathered also in the field 
parallel to a substrate. In order to determine the direction which impresses electric field, the electrode group of 
the shape of a dot like drawing 4 was produced on the SBT film front face, and the remanence was measured by 
2 terminal method between F from Electrode A and Electrode B, respectively. An example of a measurement 
result is shown in drawing 5 . In this case, it turned out that the polarization value between Electrode A and 
Electrode D is the largest, and this direction is the direction of the maximum part polar axis. According to this 
result, the electrode was formed so that an electrical potential difference might be impressed to the direction of 
electrode A-D, and parallel. The hysteresis characteristic of polarization acquired with the capacitor of this 
structure is shown in drawing 6 . The property of the same sample that Pt electrode was formed in the upper part 
and the lower part as a candidate for a comparison is shown. To a hysteresis characteristic hardly being shown, 
when the laminating of the electrode is carried out up and down (alternate long and short dash line), when 
electric field parallel to a substrate are impressed (continuous line), it is 13.7microC/cm2. It became and the 
remarkable increment in a remanence value was seen. When electric field parallel to the substrate of an example 
1 were impressed, even if it compared, it increased 30% with the remanence value, and it was decreasing 22% 
by the coercive electric field, and it was shown that densification of a component and low-battery-ization can be 
attained. 

[0014] In addition, the ingredient used in the above example is the example of 2 and 3, and this invention is not 
limited to the ingredient stated in the above example, but is a c-axis orientation ferroelectric, and can be applied 
to all the ingredients that are not in agreement with a c-axis by the direction of the maximum polarization. 
[0015] 

[Effect of the Invention] By using the component structure by this invention, effective use of the remanence of a 
bismuth stratified ferroelectric can be attained, and the densification of a component and reduction of driver 
voltage are possible as a result. Furthermore the defective continuity of a lower electrode decreases in number, 
and high reliance-ization can be realized. 
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5 ±&n& 

7 k-v s=i*ms 




BEST AVAILABLE COPY 



[05] 



[06] 




A-B A-C A-D A-E 



A-F 







iTOTH 7 


4 — T h- 


H — ^jb^f- 


/ iookV<3TrVdiv 



I7] 




5.±*M 



(51) Int. CI. 6 

C 3 O B 29/30 
H O 1 G 4/12 
7/06 
H O 1 L 27/108 
21/8242 



3 9 1 

9276-4M 



F I 

H 0 1 G 4/12 
7/06 

H O 1 L 27/10 



3 9 1 
6 5 1 



BEST AVAILABLE COPY 



